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Abstract: Photocathode is an important component of gaseous detectors, which are instruments of choice for 

photon (gamma to visible range) detection. However, the main limitation is the degradation of photocathode 

used in such detectors at high radiation environment because of the heavy ion – bombardment. We have 

measured quantum efficiency of two new photocathodes were prepared from N,N′-Bis(3-methylphenyl)-N,N′-

diphenylbenzidine (TPD) and 8-Hydroxyquinoline (Alq3) compounds. In comparison, maximum QE was 

obtained with TPD whereas Alq3 also showed better results.  These photocathodes are air stable and easy to 

prepare.  The obvious advantages of these photocathodes in gaseous detectors will be fast response and room 

condition operation. 
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I. Introduction 
Efforts of photo sensors development of high quantum efficiencies and low energy thresholds coupled 

with gaseous detectors have been made since years [1, 2]. Promising applications for such devices are high 

energy physics experiments [3 – 6], detection of UV light produced by the scintillators [7, 8], nuclear physics [9, 

10], medical imaging [11, 12], plasma diagnostic [13, 14], space sciences [15 – 18]. Earliest group of these 

devices comprised UV–photosensitive vapors filled wire chambers like (triethylamine (TEA), tetrakis–

dimethylamino–ethylene (TMAE)) [19]. The modern era of fast, large in area, single photon imaging devices 

consist of reedy film of CsI photocathode fixedin gas avalanche photomultiplier [5, 20, 21]. The efficiency of 
photon detection of these devices, with in a given spectral range, dependent upon the quantum efficiency of the 

photocathode, the electron bouncing from the gas inthe photocathode [22] and the individual electron detection 

efficiency of the device [23]. 

The long term stability of gas avalanche photomultipliers is contingentto the photocathode.The 

photocathode gets degrades by chemical reaction of gas impurities [19, 24] or by accumulated influence of 

photons and avalanche–oriented ions bombardment on photocathode [7]. The photocathodes tested such as CsI 

[25], CsBr [25] and CVDdiamond films [26, 27] are moderately stable in terms of chemical properties. CsI can 

withstand short exposure to air which is very convenient in the process of assembling the detector. However, 

aging tests of CsI discoveredreduction in quantum efficiency of CsI photocathode for extremeradiation 

fluxenvironment, ageing datais in [28 – 30]. The main conclusion, which can be derived from previous studies, 

is that CsI aging depends on the experimental set up cleanness.  
A further development, reported by different groups [31, 32], who used a protective adsorbed layeron 

the CsI of photocathode TMAE to improve the ageing properties of the CsI–TMAE photocathode. It was 

reported for CsI–TMAE photocathode that it is more stable under air exposure, and also found an increase in 

quantum efficiency as well. However, several groups [32] have reported the destruction of CsI–TMAE 

photocathode by the bombardment of positive ions.  

More recent works [33 – 35] suggested the use of cascades of Gas Electron Multipliers (GEM), 

introduced by Sauli [36], which comprised of thin semitransparent or reflective solid UV and visible 

photocathodes which were introduced in Gas Electron Multipliers (GEM). However, the preliminary results of 

the photocathode aging under avalanche ion bombardment are not fully understood [37]. Also the long–term 

stability of Gas Electron Multipliers (GEM) in vacuum-packedmode, aging of photocathode under high gain 

conditions, feedback studies of ions in different gases and individual photon detection are still under 

exploration[38, 39]. The commercial availability of GEM foils is crucial since the production facilities of CERN 
are not sufficient; therefore, few attempts were also made at different production facilities [40, 41].  

In order to improve the gaseous photomultiplier it is important to test new potential photocathode 

materials. The compound should be neither air–sensitive nor corrosive, and is easy to prepare as a solid 

photocathode.  
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In these work quantum efficiency (QE) results of N, N′-Bis (3-methylphenyl)-N, N′-diphenylbenzidine 

(TPD) and 8-Hydroxyquinoline (Alq3) in solid phase are reported. Both of the photocathodes were prepared by 

vacuum evaporation technique using Edwards Auto 306 coating system. The obvious advantages of these 
photocathodes in gaseous detectors are their fast response and room condition operation. 

 

II. Properties of Compounds 
TPD [formula:[- C6H4-4-N(C6H4CH3)C6H5]2] is solid at room temperature with vapour pressure 3.356 

hPa at 25°C, and photoionization work function 5.5eV in solid phase. The molecular structure of TPD is shown 

in Fig 1.It is morphologically and thermally stable compound. 

 
Fig1.Molecular structure of TPD 

 

Alq3[ Empirical formula C27H18Al N3O3] is a yellow to green crystalline solid at room temperature with 
melting point 175-177°C  and solid phase photoionization work function 5.8 eV. The molecular structure ofAlq3 

is illustrated in fig. 2. Both compounds were purchased from Sigma Aldrich Chemical Corporation LLC and 

were  

 
Fig. 2 The structure of ALq3 

 

used as it is. The molecular structure of N,N′-Bis(3-methylphenyl)-N,N′-diphenylbenzidine (TPD) and 
8-Hydroxyquinoline (Alq3), permits to combine them to required properties of low ionization potential and little 

chemical reactivity [42, 43]. Due to these reasons these compounds seems striking for use as photocathodes in 

gaseous detectors.  

 

III. Experimental Technique: 
In this work, DC current recording technique is used for quantum efficiency (QE) measurement of 

photocathodes under vacuum, therefore, the  experimental arrangement consist of a prototype detector coupled 

with a solid photocathode, an ultraviolet photon source with sample and reference beams (SHIMADZU UV 

1601 spectrophotometer), a reference detector for real time monitoring of the intensity of ultra violet (UV) 
radiation i.e. a photodiode (HAMAMATZU Photodiode No.S1723 – 05), a vacuum system for test chamber 

evacuation (BOC EDWARDS), electrometers for DC current measurement (KEITHLEY 6517A i.e. for test 

chamber and reference detector) and vacuum evaporator (EDWARDS 160 vacuum system and SIGMA SQM 

160 for layer thickness measurement) . Experimental setup is schematically shown in fig 3. 

 
Fig.3 Schematic of experimental set up. 

Initially the test chamber was calibrated by measuring the QE of bare copper substrate and 545 nm 

thick vacuum evaporated CsI photocathode and found reproduceable results of both the substrates which are in 

great agreement with results available(See fig.3a and fig.3b). 
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   3a      3b 

Fig.3 (a) Comparison of QE Cu sample with Cu Published; (b) Comparison of QE of CsI sample with CsI 

published [45]. 

 

IV. Results and Discussion 
The photocathodes of TPD and Alq3 were prepared on borosilicate glass substrate by vacuum 

evaporationmonitor Sigma instruments (SQM-160).The photocathodes of different layer thickness of these 

materials were irradiated with UV photon source double beam spectrophotometer (Shimadzu UV-1601) in wave 

length range 190-250nm in vacuum at 10-4Torr and showed non-negligible QE in the range190-230nm, it was 

observed that layer thickness has no notice able effect on the QE of the photocathodes. However, QE of the 

photocathodes of these materials when compared with bare copper photocathode, the layer effect was obvious. 

Comparison of the quantum efficiency of the 450nm thick photocathodes of TPD and Alq3 are depicted in fig.4 

(a) and 4(b) respectively. 

 
Fig.4 (a) Comparison of QE of TPD vacuum evaporated 450nm thick  with copper sample(b) QE comparison of 

Alq3  vacuum evaporated 450nm thick with copper sample. 

 

QE of TPD and Alq3 was also measured relative to most famous solid photocathode candidate CsI in 

spectral range 190-220nm. QE of the TPD and Alq3 relative to CsI sample of same thickness fabricated and 

measured under same condition is illustrated in fig.5 (a) and 5(b) respectively. 
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Fig.5 (a) QE of TPD relative to CsI sample in wave length range 190-220nm (b) QE of Alq3 relative to CsI 

sample in wave length range 190-220nm. 

It is evident from fig.5(a) that the QE of TPD as compared to CsI first increases 14% to 29% of the CsI 
in the range 190-210nm and then falls to 11% of the CsI at 220nm whereas QE of the Alq3 increases from 12% 

to 36% of the CsI in the range 190-220nm. Moreover the two photocathodes are solid at room temperature, and 

are morphologically and thermally stable; characteristics suitable for detector construction and their QE also 

remained stable for several days.  

 

V. Conclusion 
Our results described in section 4 demonstrated that both the TPD and Alq3 photocathodes have non-

negligible QE in wave length range 190-230nm of the incident UV light. The photocathodes can survive in 

rough condition for several days and are suitable for room condition operation of the detector and therefore can 
find application in some high energy experiments. For this a detailed study of the ageing of these photocathodes 

is required. 

 

Acknowledgement 
Authors would like to offer thanks to Prof.Dr. Muhammad Yar Khuhawar and Dr.Taj Muhammad 

Jahangir of Institute of Advance studies and research in Chemical Sciences University of Sindh Jamshoro 

Pakistan for their steady support and precious discussions 

 

References 
[1]. J. Seguinot, T. Ypsilantis, Photo-ionization and Cherenkov Ring Imaging,Nucl.Instr. And Meth.142 (1977) 377 – 391. 

[2]. G.D.Bogomolov, Yu.V.Dubrovske, and V.D. Peskov, Multiwire Gas Counter for Coordinate Measurements in the VUV 

Region,.Instr Exp. Tech, 21 1978) 778. 

[3]. B. Ketzer, S. Bachmann, M. Capeáns, M. Deutel,  J. Friedrich, S. Kappler, I. Konorov, S. Paul, A. Placci, K. Reisinger, L. 

Ropelewski, L. Shekhtman, and F. Sauli, GEM Detectors for COMPASS, IEEE Trans. Nucl. Sci., 48 (4), (2001) 1065. 

[4]. A.Di Mauro, D. Cozza, M. Davenport, D.Di Bari, D. Elia, P. Martinengo, A. Morsch, E. Nappi, G. Paić, F. Piuz, S. Stucchi, G. 

Tomasicchio, T.D. Williams, Performance of large area CsI-RICH prototypes for ALICE at LHC: for the ALICE collaboration, 

Nucl.Instr. And Meth.A 433 (1999) 190. 

[5]. J. Almeida, A. Amadon, P. Besson, P. Bourgeois, A. Braem, A. Breskin, A. Buzulutskov, R. Chechik, C. Coluzza, A. Di Mauro, J. 

Friese, J. Homolka, F. Iacovella, A. Ljubici Jr. G. Margaritondo, Ph. Miné, E. Nappi, T. dell'Orto, G. Paic, F. Piuz, F. Posa , J.C. 

Santiard, P. Sartori, S. Sgobba, G. Vasileiadis, T.D. Williams, Review of the development of cesium iodide photocathodes for 

application to large RICH detectors, Nucl.Instr. And Meth.A 367 (1995) 332 – 336. 

[6]. A. Balla, G. Bencivenni, S. Cerioni,P. Ciambrone,E. De Lucia,G. De Robertis,D. Domenici,G. Felici, M. Gatta,M. Jacewicz, N. 

Lacalamita,S. Lauciani,R. Liuzzi,F. Loddo,M. Mongelli,G. Morello,A. Pelosi,M. Pistilli, L. Quintieri,A. Ranieri,V. Valentino, 

Status of the cylindrical-GEM project for the KLOE-2 inner tracker,Nucl.Instr. And Meth.A 628 (2011) 194 – 198. 

[7]. A Breskin, T Boutboul, A Buzulutskov, R Chechik, G Garty, E. Shefer, B.K Singh, Advances in gas avalanche photomultipliers, 

Nucl.Instr. And Meth.A 442 (2000) 58. 

[8]. C. Joram,Large Area Hybrid Photodiodes, Nucl. Phys. B-Proc. Suppl. 78, (1999) 407 – 415. 

[9]. Kondo Gnanvo, Leonard V. Grasso, Marcus Hohlmann, Judson B. Locke, Amilkar Quintero, DebasisMitra, Imaging of high-Z 

material for nuclear contraband detection with a minimal prototype of a muon tomography station based on GEM detectors, 

Nucl.Instr. And Meth.A 652 (2011) 16 – 20. 

[10]. K. Yamaguchi, H. Ishiyama, M.H. Tanaka, Y.X. Watanabe, H. Miyatake, Y. Hirayama, N. Imai, H. Makii, Y. Fuchi, S.C. Jeong, T. 

Nomura, Y. Mizoi, S.K. Das, T. Fukuda, T. Hashimoto,  I. Arai, Development of the GEM-MSTPC for measurements of low-

energy nuclear reactions, Nucl.Instr. And Meth.A 623 (2010) 135 – 137. 

[11]. Fabio Sauli, Applications of Gaseous Particle Detectors in Physics and Medicine, CERN-PPE/94-196. 

[12]. F. Anulli, A. Balla, G. Bencivenni, G. Corradi, C. D’Ambrosio, D. Domenici, G. Felici, M. Gatta, M.C. Morone, F. Murtas, A triple 

GEM gamma camera for medical application, Nucl.Instr. And Meth.A 572 (2007) 266 – 267. 

[13]. G.F. Karabadzhak, V.D. Peskov, E.R. Podolyak,  Coordinate gas counters with superhigh energy resolution for plasma diagnostics, 

Nucl.Instr. And Meth. 217 (1983) 56 – 64. 

[14]. V. Peskov, Ph.D. thesis, Inst. for Physical Problems, USSR Acad. of Sci., Moscow (1981). 

[15]. J. Seguinot,  Lescompteurs Cherenkov : applications et limites pour l’identification des particulesdeveloppements et perspect ives, 

Preprint CERN-EP/89 - 92, 1989. 

[16]. Proceedings of International Workshop RICH - 98, Nucl.Instr. And Meth.A 433 (1999) 1 – 578. 

[17]. E. Nappi, CsI RICH detectors in high energy physics experiments,Nucl.Instr. And Meth.A 471 (2001) 18. 

[18]. M.G. Bagliesi, M. Berretti, E. Brucken, R. Cecchi, E. David, F. Garcia, V. Greco, J. Heino, T. Hilden, K. Kurvinen, R. 

Lauhakangas, S. Lami, G. Latino, G. Magazzù, E. Oliveri, E. Pedreschi, L. Ropelewski, A. Scribano, F. Spinella, N. Turini, M. Van 

Stenis, The TOTEM T2 telescope based on triple-GEM chambers Nucl.Instr. And Meth.A 617 (2010) 134 – 137. 

[19]. J. Seguinot, T. Ypsilantis, A historical survey of ring imaging Cherenkov counters, Nucl.Instr. And Meth.A 343 (1994) 1. 

[20]. A.Breskin, A.Buzulutskov,R.Chechik,G.Garty, F.Sauli, L.Shekhtman, The CsI Multi-GEM Photomultiplier,The Weizmann Institute 

of Science, 76100 Rehovot, Israel. 

[21]. Fuyuki Tokanai, Takayuki Sumiyoshi, Hiroyuki Sugiyama, Teruyuki Okada,  Noboru Ohishi, Hirohisa Sakurai, Shuichi Gunji, 

ShunjiKishimoto, Sealed gaseous photomultiplier with CsI photocathode, Nucl.Instr. And Meth.A 628 (2011) 190 – 193. 

[22]. A. Breskin, M. Balcerzyk, R. Chechik, G.P. Guedes, J. Maia, D. Mörmann, Recent advances in gaseous imaging 

photomultipliers,Nucl.Instr. And Meth.A 513 (2003) 250. 

[23]. A. Breskin, CsI UV photocathodes: history and mystery, Nucl.Instr. And Meth.A371 (1996) 116 – 136. 

[24]. G. Charpak, D. Imrie, J. Jeanjean, P. Mine, H. Nguyen, D. Scigocki, S.P.K. Tavernier, and K. Wells, A new approach to positron 

emission tomography, Eur. J. Nucl. Med. (1989) 15:690 – 693. 

http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009
http://www.sciencedirect.com/science/article/pii/S0168900299003009


Investigation of New Organic and Organometallic Photocathodes in Vacuum and Gas Media ….. 

www.iosrjournals.org                                                    42 | Page 

[25]. B.K Singh, E Shefer, A Breskin,  R Chechik, N Avraham, CsBr and CsI UV photocathodes: new results on quantum efficiency and 

aging, Nucl.Instr. And Meth.A 454 (2000) 364. 

[26]. A. Breskin, R. Chechik, E. Shefer, and D. Bacon, Absolute photoyield from chemical vapor-deposited diamond and diamond like 

carbon films in the UV, Appl. Phys. Lett.70 (1997) 3446. 

[27]. J.Va'vra, Wire Aging of Hydrocarbon Gases with TMAE Additions, IEEE Trans. Nucl. Sci., NS-34(1) (1987) 486. 

[28]. P. Krizan, S. Korpar, M. Starič, A. Stanovnik, M. Cindro, R. Pestotnik, D. Škrk, A. Bulla, E. Michel, C. Oehser, P. Weyers, W. 

Schmidt-Parzefall, T. Hamacher, D. Broemmelsiek, J. Pyrlikh, Photon detectors for the HERA-B RICH,Nucl.Instr. And Meth.A 

387 (1997) 146. 

[29]. A. Di Mauro,Aging Studies of Large-Area CsI Photocathodes, International Workshop on Aging Phenomena in Gaseous Detectors, 

(IWAP), DESY Hamburg 2001. 

[30]. V. Peskov, Aging in Gaseous Photodetectors, International Workshop on Aging Phenomena in Gaseous Detectors, (IWAP), DESY 

Hamburg 2001. 

[31]. B. Hoeneisen, D.F. Anderson, S. Kwan, A CsI-TMAE photocathode with low-pressure readout for RICH, Nucl.Instr.And Meth.A 

302 (1991) 447 – 454. 

[32]. S. Kwan, D.F. Anderson, A Study of the CsI-TMAE photocathode, Nucl.Instr. And Meth.A 309 (1991) 190 – 195. 

[33]. T. Maxin, Radiation Damage and Long-Term Aging in Gas Detectors,arXiv: physics/0403055vI9 (2004). 

[34]. M. Bozzo, M. Oriunno, L. Ropelewski, F. Sauli, R. Orava, J. Ojala, K. Kurvinen, R. Lauhakangas, J. Heino, W. Snoeys, F. Ferro, 

M. Van Stenis and E. David, Design and Construction of the Triple GEMDetector for TOTEM,Proc, IEEE Nucl. Sci. Sym (2004). 

[35]. A. Bondar,A. Buzulutskov,R. de Oliveira,L. Ropelewski,F. Sauli,L. Shekhtmana, Light multi-GEM detector for high-resolution 

tracking systems, Nucl.Instr. And Meth.A556 (2006) 495 – 497. 

[36]. F. Sauli, GEM: A new concept for electron amplification in gas detectors, Nucl.Instr. And Meth.A 386 (1997) 531 – 534. 

[37]. J. Benlloch, A. Bressan, M. Capeans (CERN) , M. Gruwe (DESY) , M. Hoch, J.C. Labbe, A. Placci, L. Ropelewski, F. Sauli 

(CERN), Further developments of the gas electron multiplier (GEM), CERN-EP/98-50, 1998. 

[38]. R. Chechik, A. Breskin, C. Shalem, Thick GEM-like multipliers—a simple solution for large area UV-RICH detectors, 

Nucl.Instr.And Meth.A 553 (2005) 35 – 40. 

[39]. M. Kobayashi, R. Yonamine, T. Tomioka, A. Aoza, H. Bito, K. Fujii, T. Higashi, K. Hiramatsu, K. Ikematsu,  A. Ishikawa, Y. 

Kato, H. Kuroiwa, T. Matsuda, O. Nitoh, H. Ohta, K. Sakai, R.D. Settles, A. Sugiyama, H. Tsuji, T. Watanabe, H. Yamaoka,  T. 

Yazu, Cosmic ray tests of a GEM-based TPC prototype operated in Ar–CF4–isobutane gas mixtures, Nucl.Instr. And Meth.A 641 

(2011) 37 – 47. 

[40]. B. Surrow, L. Burns, F. Simon, B. Azmoun, C. Woody, D. Crary, K. Kearney, G. Keeler, F. Sauli, R. Majka, N. Smirnov, 

Development of tracking detectors with industrially produced GEM foils, Nucl.Instr. And Meth.A 572 (2007) 201 – 202. 

[41]. F. Simon, J. Kelsey, M. Kohl, R. Majka, M. Plesko, T. Sakuma, N. Smirnov, H. Spinka, B. Surrow, D. Underwood, Beam 

performance of tracking detectors with industrially produced GEM foils, Nucl.Instr. And Meth.A 598 (2009) 432 – 438. 

[42]. Kenji Okumoto and Yasuhiko Shrota, New Class of Hole-Blocking Amorphous Molecular Materialsand Their Application in Blue-

Violet-Emitting Fluorescent and Green-Emitting Phosphorescent  Organic Electroluminescent Devices, Chem. Mater. 15 (2003) 

699– 707. 

[43]. FotiosPapadimitrakopoulos, Xian-Man Zhang, Environmental Stability of Aluminum Tris(8-Hydroxyquinoline) Alq3 and its 

Implications in Light Emitting Devices, Synth. Met. 85 (1997) 1221 – 1224. 

[44]. A. Borovick-Romanov, V. Peskov, Cs based photocathodes for gaseous detectors, Nucl.Instr. And Meth.A 348 (1994) 269 – 274. 


